Abstract. The mechanism of fatigue life improvement for copper film specimens with thickness of 25 um was investigated by multiple-times pulsed excimer laser surface irradiation processing under optimal parameters of laser irradiation at different loading levels . The results showed that fatigue life has an obvious improvement for the copper film specimens by multiple-times pulsed laser irradiation treatment. The degree of improvement in fatigue life for the damaged specimens by multiple-times pulsed laser irradiation treatment is more evident when the applied nominal stress was larger. The obtained total fatigue life for the copper film specimen reach up to 14 times that of no laser treatment under the stress level of 140MPa. The hardening induced by laser irradiation results in fatigue life improvement.
Introduction
Fatigue failure of some components in Micro-electromechanical Systems (MEMS) usually occurs because of the cyclic loading and tiny defects. Some methods for healing damage of metallic materials have been investigated by some researchers in the field of material strength, including conventional heat treatment [1] , surface removal [2] , high density electric current pulses [3] , plasma nitriding [4] , laser surface treatment [5] and so on. These methods can effectively improve the fatigue property of materials. Compared with ordinary method, laser surface treatment has many advantages, such as selective area treatment, more reliable surface coverage, minimum thermal distortions, high processing speeds, the rapid heating and cooling rates, and so on. Hence laser has been widely used in metal materials processing. Altus and Konstantino [6] pointed out that laser surface treatment can enhance fatigue resistance of Titanium 6Al-4V alloy. However, there has been very little research into healing the damaged specimens by pulsed laser surface irradiation.
In present investigation the change of the elastic strain and plastic strain of the specimen by laser irradiation were analyzed to clarify the mechanism of fatigue life improvement for the copper film specimens.
Experimental Procedures

Material and Nothched Specimen Manufacturing
In this investigation the material is cold-rolled pure copper film with thickness of 25µm. The chemical compositions of the material are Cu: 99.95%, Sn: 0.006%, Pb: 0.003%, P: 0.007%, Zn: 0.005%, and mechanical properties of the material are yield stress of 252MPa, ultimate tensile stress of 385Mpa, elongation of 6%. The double-edge U-shaped notched specimens were fabricated using a precise stamping die. The shape and dimensions are shown in Fig. 1 . The stress concentration factor calculated by ANSYS is 2.813 at notch root. 
Laser Irradiation Experiments
Laser surface treatment was carried out using an ultraviolet excimer gas laser with appropriate laser processing parameters. Excimer pulse laser parameters are, the wavelength of 0.248µm, single pulse energy up to 1.2J, pulse width of 30ns (duration time), and rectangular laser beam with a spot length of 45mm and pulse number. The single pulse energy and the laser spot width and pulse number are controllable parameters. During the process of laser surface irradiation, the laser beam was perpendicular to the surface of the specimen. Details of laser surface irradiation treatment mode can be found in references [7, 8, 9] . All the treatments were performed in ambient air.
Multiple Times Pulsed Excimer Laser Surface Irradiation Processing Flow
The S-N curve for the original notched specimens can be obtained by fitting the fatigue experimental data in previous work [8] . The mathematical expression of the S-N curve for the original notched specimens is as follows:
where m ax σ is the maximum nominal stress, N is the number of cycles to failure,
According to Eq. (1), the corresponding fatigue life N 0 of the original notched specimens can be calculated under different stress levels. Compared with the total fatigue lives for the copper film specimens before and after laser surface irradiation, the optimal parameters can be obtained, which is energy density of 7×10 3 J/m 2 and pulse number of 1. [8] In this investigation, all of the laser surface irradiation treatment for the notched specimen were conducted under the condition of the optimal parameters. In order to investigate the variation of fatigue life with the change of the applied maximum nominal stress after the multiple times laser surface irradiation(MLSI). The fatigue tests are categorized into two groups. In the first group, higher fatigue loading level(140MPa) was considered for the treated specimens after the laser surface irradiation, and in the other group, lower fatigue loading level(110MPa) was considered for the treated specimens after the laser surface irradiation. Each condition includes three fatigue testing results. Flow chart of the multiple times laser surface irradiation treatment process is shown in Fig.2 . 3 shows the ratio of total fatigue life for notched specimens before and after MLSI under different cyclic loading levels. The changes of fatigue properties for the copper specimens before and after multiple times laser surface irradiation are mainly studied under different cyclic loading levels. For the copper film specimens, the total fatigue life is the sum of consumed life per time and ultimate time residual fatigue life after multiple times laser surface irradiation. It is clearly seen that a significant improvement in fatigue life can be observed after multiple times laser surface irradiation. With the increase of the nominal stress level multiple times laser surface irradiation can provide more significant fatigue performance for the copper film specimens. The obtained total fatigue life for the copper film specimen reach up to 14 times that of no laser treatment under the stress level of 140MPa after multiple times laser surface irradiation. Fig.4 shows the ratio of elastic strain for the notched specimens before and after multiple times laser irradiation treatment under different stress levels. It can be seen that the elastic strain of specimens treated by laser irradiation per time is almost equal to those of the original specimens under the same stress range. Hence it can be deduced that the elastic modulus of copper film is not changed after laser irradiation treatment per time for the copper film specimens. Ratio of elastic strains before and after LSI Figure 4 . Change of the elastic strain per time before and after multiple-times laser surface irradiation treatment for the copper film specimens.
Experimental Results and Discussion
Variation of Fatigue Life for Notched Copper Film Specimens after MLSI
Analysis for Elastic Strain before and after Laser Irradiation
Analysis for Plastic Strain before and after Laser Irradiation
For the notch specimen with the stress concentration factor of 2.813, when the applied maximum nominal stress is greater than 89MPa, the local plastic deformation occurs at the notch root. Figure 5 shows that the change of the plastic strain per time before and after multiple times laser surface irradiation treatment for the copper film specimens under different stress levels. It can be found that the plastic strain in each cycle is decreased after laser surface irradiation treatment before the last time. Therefore, copper film material has a degree of hardening induced by laser irradiation, which makes fatigue life extended. In the case of the applied maximum nominal stress of 140MPa, the degree of hardening induced by laser irradiation is significant. So an important conclusion was deduced that the hardening was induced by laser irradiation in plastic deformation, also higher stress level can produce more evident the degree of hardening after laser irradiation. Ratio of plastic strains after and before LSI LSI times 110MPa 140MPa Figure 5 . Change of the plastic strain per time before and after multiple times laser surface irradiation treatment under different stress levels.
Conclusions
(1) The results for notched copper film specimens clearly show that multiple-times laser surface irradiation can markedly improve fatigue life for the specimens. The degree of improvement in fatigue life is more evident when the applied nominal stress was larger.
(2) The hardening induced by laser irradiation can make the residual fatigue life be extended and the degree of hardening is more evident when the nominal stress was larger.
